Introduction: Although hyperthyroidism is characterised by female predominance, its presence may lead to the development of numerous complications in both sexes. This study was aimed at investigating sexual function and depressive symptoms in men with overt hyperthyroidism of autoimmune and non-autoimmune origin.
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men with frank hyperthyroidism of either autoimmune (Graves' disease) or non-autoimmune (thyroid nodular disease) origin and a matched group of men with intact hypothalamic-pituitary-thyroid axis activity.
Material and methods

Study population
The participants of the study were recruited among adult men (20-60 years old) with symptoms or signs suggestive of hyperthyroidism (weight loss, tachycardia, intolerance to heat, excessive sweating, or diarrhoea). The patients were eligible for the study if they met the following criteria of overt hyperthyroidism: serum thyrotropin levels below 0.1 mIU/L, serum free thyroxine levels above 23 pmol/L, and/or free triiodothyronine levels above 6.5 pmol/L. Based on serum titres of thyrotropin receptor antibodies (TRAb) and thyroid ultrasound imaging characteristics, they were enrolled into one of two groups: group A including 20 patients with Graves' disease (TRAb titres above 1.8 U/L) or group B including 21 men with either toxic multinodular goitre (n = 11) or toxic adenoma (n = 10). The control group consisted of 23 men screened for the presence of hyperthyroidism, in whom thyrotropin and free thyroid hormone levels were within the reference range.
The subjects were excluded if they met at least one of the following criteria: the presence of both TRAb and thyroid nodules, other forms of overt hyperthyroidism; subclinical hyperthyroidism; euthyroid sick syndrome; thyroid cancer; type 1 or type 2 diabetes; hyperprolactinaemia; hypogonadism; osteoporosis; prostate, cardiovascular, neurologic, or psychiatric disorders; impaired renal or hepatic function; acute or chronic infection; abnormal rectal bleeding; developmental or acquired anomalies of the male reproductive system; a past history of myocardial infarction or acute cerebrovascular events; a past history of total or transurethral prostatectomy; a past history of major pelvic surgery or of other operations that might have affected sexual function; sexual inactivity; and any pharmacotherapy.
All subjects gave written, informed consent to participate in the study, and the study protocol was approved by the Local Ethics Committee.
Introduction
Hyperthyroidism, defined as the excess production and release of thyroid hormone by the thyroid gland, is one of the most common endocrine disorders in developed countries [1] . In the United States, the prevalence of hyperthyroidism is approximately 1.2% [2] , and in Europe 0.8% [3] . Thyroid hyperfunction is caused mainly by Graves' disease, toxic multinodular goitre, and toxic adenoma [4, 5] . Despite a clear female preponderance, men may also suffer from this disorder. In Europe, the prevalence of overt and subclinical hyperthyroidism in men is estimated at 0.48% and 1.97%, respectively, while the incidence rate of thyroid hyperfunction is calculated to be 72.48 per 100,000 [3] . Irrespective of gender, a disproportionate amount of thyroid hormone leads to an accelerated metabolic state, causing significant morbidity and mortality [6] .
The results of some studies conducted to date suggest that thyroid disorders may have an unfavourable effect on sexual functioning in men. The most characteristic abnormality related to this clinical entity is acquired premature ejaculation [7] [8] [9] . Hyperthyroidism is also associated with the presence of erectile dysfunction, including its severe form [9] [10] [11] [12] . This relationship did not change after adjusting for age, which suggests that inappropriate thyroid hormone levels are probably more important than age in inducing erectile dysfunction [11, 12] . Unlike hypothyroidism, the association between hyperthyroidism and impaired erectile functioning was also found to be independent of other potential confounders including age, body mass index, blood pressure, other hormones, and serum lipids [11] . Interestingly, both the risk of premature ejaculation and erectile dysfunction was reduced by treating the underlying disease [8] [9] [10] . Thyroid overactivity, although to a lesser extent than hypothyroidism, may also predispose to the development of hypoactive sexual desire [9] . Finally, thyroid hormone overproduction induces a decrease in total seminal volume and total sperm count, increases the percentage of dead sperm, and disturbs progressive mobility, lineal progressive motility, and sperm morphology [13] . Unfortunately, the clinical significance of these findings is seriously limited by methodological problems, the fact that participants knew their thyroid status, and by analysing only some aspects of men's sexual response.
Recently we have shown that the impact of subclinical thyroid hypofunction on sexual functioning and on mood in women was stronger if hypothyroidism was secondary to Hashimoto's thyroiditis [14] . Because of the lack of similar data in hyperthyroidism, in the current study we have compared various aspects of male sexual functioning and depressive symptoms between also retrospectively measured serum levels of free testosterone and prolactin in 12 randomly selected stored serum samples from each study group. All tests were performed in blinded fashion by persons unaware of patient characteristics. Serum levels of thyrotropin, free thyroxine, free triiodothyronine, and prolactin, as well as titres of thyroid peroxidase antibodies (TPOAb) were determined by direct chemiluminescence using acridinium ester technology (ADVIA Centaur XP Immunoassay System, Siemens Healthcare Diagnostics, Munich, Germany). Circulating levels of free testosterone were determined by enzyme-linked immunosorbent assay using a EUROIMMUN analyser I (Euroimmun, Wrocław, Poland). Titres of TRAb were measured by immunoassay with chemiluminescent detection (Immulite 2000XPi, Siemens Healthcare, Warsaw, Poland). Parameters of thyroid homeostasis: Jostel's thyrotropin, structure parameter inference approach (SPINA)-GT and SPINA-GD indices were calculated using SPINA-Thyr 4.0.1 for Windows software according to the formulas described previously [15] [16] [17] .
Questionnaires
Immediately after collecting blood samples and the ultrasound, the participants were asked to complete three questionnaires. The first questionnaire assessed their demographic characteristics, smoking, physical activity, education, occupation, stress exposure, number of sexual partners, and number and duration of marriages. The second questionnaire (the International Index of Sexual Function-15 -IIEF-15 for heterosexual men) evaluated sexual functioning, while the third one (Beck Depression Inventory-Second Edition -BDI-II) evaluated depressive symptoms.
IIEF-15 is self-administered questionnaire, composed of 15 items, regarded as a reliable, cross-culturally valid, and psychometrically sound measure of male sexual function [18, 19] . The items evaluate five relevant domains of male sexual functioning in the previous four weeks: erectile function (questions 1-5 and 15), intercourse satisfaction (questions 6-8), orgasmic function (questions 9 and 10), sexual desire (questions 11 and 12), and overall satisfaction (questions 13 and 14). Questions are scored on a five-point or six-point Likert scale, with responses ranging from 0 to 5 or 1 to 5. Minimum scores were: 0 for intercourse satisfaction and orgasmic function, 1 for erectile function, and 2 for sexual desire and overall satisfaction. Maximum scores were: 10 for orgasmic function, sexual desire and overall satisfaction, 15 for intercourse satisfaction, and 30 for erectile function. The severity of erectile dysfunction was classified into five categories: no erectile dysfunction (score 26 to 30), mild erectile dysfunction (score 22 to 25), mild to moderate erectile dysfunction (score 17 to 21), moderate erectile dysfunction (score 11 to 16), and severe erectile dysfunction (score 6 to 10) [18] [19] [20] .
BDI-II is a self-rating scale with 21 items, which are focused on depression symptoms: affective, motivational, cognitive, and physiological during the previous two weeks [21] [22] [23] . The items have been adjusted to measure depressive symptoms corresponding with the diagnostic criteria for depressive disorders outlined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition [24] . Each item is rated on a four-point scale from 0 (not present) to 3 (severe). The overall score ranges from 0 to 63, with higher values indicating more severe depressive symptoms. The BDI-II score from 14 to 19 points is interpreted as mild depression, from 20 to 28 as moderate depression, and from 29 to 63 as severe depression [21] [22] [23] .
Statistical analysis
Because of skewed distributions, all parameters were natural-log transformed to meet the assumptions of parametric tests. Between-group comparisons were performed using analysis of covariance followed by Bonferroni post hoc tests after consideration of age, smoking, body mass index, waist circumference, marital status, education, occupational activity, type of work, profession, physical activity, and stress exposure, as well as blood pressure as potential confounders. The χ 2 test was employed to compare the proportional data. Correlations were assessed using the Pearson partial correlation coefficient (r). Statistical significance was assumed at p < 0.05.
Results
General characteristics of the study groups
There were no differences between the study groups in age, smoking (the number of cigarettes and duration of smoking), education, occupational activity, type of work, number of sexual partners, number and duration of marriages, and stress exposure. Men with thyroid hyperfunction differed from men with normal thyroid function in body mass index, physical activity, and blood pressure (Tab. I).
As expected, there were differences between men with hyperthyroidism and subjects with normal thyroid function in serum levels of thyrotropin and free thyroid hormones, as well as between men with Graves' disease and the remaining groups of patients in serum titres of TRAb and TPOAb. Jostel's thyrotropin index was lower, while the SPINA-GT and SPINA-GD indices were higher in groups A and B than in group C. Levels of free triiodothyronine and the SPINA-GD index were higher in group A than in group B. Serum levels of free PRACE ORYGINALNE testosterone were lower in group A than in groups B and C (Tab. II).
Assessment of sexual function
The study groups differed in the percentage of patients with erectile dysfunction. In group A, mild, mild to moderate, moderate, and severe erectile dysfunction was found in three (15%), six (30%), six (30%), three (15%), and two subjects (10%), respectively. In group B, six men (29%) had mild, four men (19%) had mild to moderate, two men (10%) had moderate, and one man (5%) had severe erectile dysfunction. In group C, five subjects (22%) had mild while one man (4%) had mild to moderate erectile dysfunction. Compared with group C, men with overt hyperthyroidism obtained lower scores for erectile function, intercourse satisfaction, orgasmic function, and overall satisfaction. Scores for erectile function, orgasmic function, and desire were lower in group A than in group B (Tab. III).
Assessment of depressive symptoms
The overall BDI-II score was higher in group A than in group C, and was insignificantly higher in group A than in group B (p = 0.092) and in group B than in group C (p = 0.055). The percentage of men with total and mild depressive symptoms was higher in group A than in group C. The study groups did not differ in the percentage of patients with moderate and severe depressive symptoms (Tab. IV).
Correlations
In all study groups, erectile function, intercourse satisfaction, orgasmic function, sexual desire, and overall satisfaction inversely correlated with the total BDI-II score (r values between -0. 29 
Discussion
This study has shown for the first time that clinically overt hyperthyroidism causes multidimensional impairment of male sexual function, which is accompanied by relatively mild depressive symptoms. A strong point of our study is that, because of strict inclusion and exclusion criteria, the population was a relatively Moderate symptoms [n (%)] 0 (0) 1 (6) 0 (0)
Severe symptoms [n (%)] 0 (0) 0 (0) 0 (0) 1 Men with overt hyperthyroidism and Graves' disease; 2 Men with overt hyperthyroidism and toxic multinodular goitre or toxic adenoma; 3 Men with normal thyroid function; a p < 0.01, b p < 0.001 vs. group C; SD -standard deviation
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homogeneous group of drug-naïve men. Moreover, differences between hyperthyroid and euthyroid men could not have been attributed to signs and symptoms experienced by the participants of the study because both individuals with hyperthyroidism and control subjects with normal thyroid function were selected from among men complaining of weight loss, tachycardia, intolerance to heat, excessive sweating, and/or diarrhoea. Finally, in contrast to most conducted studies, at the time of filling in all questionnaires neither the participants nor the investigators knew the results of the laboratory examinations (blood sampling and subsequent diagnosis were performed at the same time as completing the questionnaires). This eliminated the possibility that the participants were aware of their thyroid status, which might have made the obtained results highly questionable. We have found numerous correlations between various aspects of male sexual functioning and thyrotropin levels, free thyroid hormone levels, and the SPINA-GT, estimating the maximum secretion rate of the thyroid gland under stimulated conditions [16, 17] . These findings suggest the impact of excessive amounts of thyroid hormones on brain structures involved in sexual behaviour and feelings and on sexual organs. This effect may be partially direct because both human and animal smooth muscle cells isolated from corpus cavernosum were found to express both types of thyroid hormone receptors (TR α and TR α ) [25] . Moreover, thyroid hormone excess reduced nitric oxide production in the penile corpus cavernosum [26] , as well as impaired endothelium-dependent (and neurogenic) relaxation of corporal smooth muscle [27] . These mechanisms may contribute to the development of impotence in the study population. However, taking into account that the mentioned correlations were at most moderate, it seems that the effect of hyperthyroidism on sexual function is also indirectly mediated by other mechanisms. One of them may be the impact on synthesis, protein binding and metabolism of testosterone [28] . In line with this hypothesis, free testosterone levels, representing a biologically relevant fraction of this hormone [29] , correlated with all domains of male sexual functioning evaluated in our study. The finding that this correlation was strongest for desire is in agreement with the fact that hormones play a greater role in regulating libido than in the regulation of other domains of human sexual response, assessed by IIEF-15 questionnaire [30] . Therefore, it is possible that relatively high testosterone levels in men with toxic multinodular goitre or toxic adenoma might have reversed the direct negative impact of thyroid hormone overproduction on libido, explaining why, unlike other domains, desire in this study group did not differ from that observed in the control subjects. On the other hand, the lack of analogical correlations for prolactin, as well as its similar levels in all study groups, suggest that prolactin does not mediate the effect of hyperthyroidism on male sexual behaviour.
Another important finding of the study was that some sexual disturbances (and depressive symptoms) were more frequent and more severe in men with Graves' disease than in nodular thyroid disease. The former one is an organ-specific autoimmune thyroid disease responsible for most cases of thyroid hormone overproduction in developed countries [31] . Interestingly, the same relationship between the severity of sexual dysfunction and a disease causing hyperthyroidism was recently observed by our research team in women (Krysiak et al., unpublished observation) . Worse sexual functioning in men with Graves' disease than in men with nodular thyroid disease seems to be associated with differences in hormone production and metabolism. In line with this explanation, patients with Graves' disease were characterised by higher levels of triiodothyronine and a higher value of the SPINA-GD, reflecting deiodinase activity and thyroxine:triiodothyronine conversion efficiency [16, 17] , as well as by lower levels of free testosterone. However, differences in erectile function, orgasmic function and sexual desire may be also attributed to the effect of autoimmunity. According to this explanation, TRAb and TPOAb antibody titres correlated with domain scores for erectile function, orgasmic function, and desire, but not with domain scores for intercourse satisfaction and overall satisfaction, which were similar in patients with Graves' disease and thyroid nodular disease. Also, the finding that even euthyroid patients with Hashimoto's thyroiditis were characterised by disturbances in desire, lubrication, and sexual satisfaction [14] , indicates that autoimmune thyroid disorders may make subjects more prone to sexual dysfunction. Because free testosterone correlated with triiodothyronine and the SPINA-GD, but not with antibody titres, statistically significant differences in its levels between men with Graves' disease and men with thyroid nodular disease should be interpreted as secondary to thyroid hormone production and peripheral metabolism rather than be directly related to autoimmune process.
Beyond sexual dysfunction, men with thyroid hyperfunction, particularly subjects with Graves' disease, were characterised by mood disturbances. The obtained results are in agreement with findings of other authors [32] , who observed a significantly higher symptom level of depression in women and men with Graves' disease compared to patients with nodular goitre. The fact that the overall BDI-II score correlated with all domain scores of IIEF indicates that male sexual functioning and depressive symptoms are reciprocally related but does not allow us to determine whether depressive symptoms reflect sexual dysfunction or impaired sexual functioning plays a role in the development of these symptoms. The increased overall BDI-II score, as well as a higher percentage of men with total and mild depressive symptoms, may be associated with the proinflammatory state, characteristic for Graves' disease [33] , which seems to contribute to the development of depression [34] . In line with this hypothesis, TRAb and TPOAb titres in our study correlated with the BDI-II score. The remaining potential mechanisms implicated in this relationship include a direct effect of thyroid hormone excess on the limbic system, the impact of thyroid overactivity on adrenergic neurotransmission in the central nervous system, as well as the effect of hyperthyroidism on hypothalamic-pituitary-adrenal axis activity [35] . Moreover, as other correlations suggest, the increased symptom level of depression in the investigated population of hyperthyroid men was also associated with the presence of other factors, including higher values of systolic blood pressure, reduced physical activity, and self-perception of weight.
There are some shortcomings that may limit the generalisability of our findings. The study groups included a relatively small number of patients, and therefore the results need to be confirmed in a larger population of patients. The study was carried out in the Upper Silesia, which is a selenium-deficient [36] and, because of mandatory salt iodisation, iodine-sufficient [37] area. It remains unsolved whether the impact of thyroid overactivity on sexual functioning and depressive symptoms is the same in men in whom selenium supply is sufficient and/or iodine supply is insufficient. The study protocol does not allow us to conclude whether and to what extent male sexual functioning and mood are disturbed in subjects with subclinical hyperthyroidism, not included in our study. Finally, although the IIEF-15 and BDI-II questionnaires are well-validated, their utility is limited by subjectivity.
Conclusions
In conclusion, men with overt hyperthyroidism were characterised by disturbances in almost all aspects of male sexual functioning assessed by the IIEF questionnaire (erectile function, intercourse satisfaction, orgasmic function, and overall satisfaction) and by relatively small changes in mood. Individuals with Graves' disease differed from men with hyperthyroidism of non-autoimmune hyperthyroidism in desire, erectile function, and orgasmic function. The obtained results suggest that overt hyperthyroidism, particularly resulting from Graves' disease, impairs male sexual functioning and may lead to a worsening of mood.
